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I;  R  E  F  A  C  E. 
Friction  is  the  mechanical  resistance  which 
opposes  the  motion  of  one  body  upon  another  providing 
there  are  no  forces  applied  to  resist  this  motion. 
Friction  between  dry  surfaces  is  divided  into  two 
classes,  friction  of  rest  and  friction  of  motion. 
The  quantity  of  friction  between  to  or  more  surfaces 
depends  upon  the  following:  the  kind  of  material  used , 
the  nature  and  area  of  the  surfaces,  the  load  applied, 
and  the  speed  with  which  the  load  is  applied. 

When  a  series  of  flat  steel  springs  are 
caused  to  bend  upon  each  other,  each  spring  taking 
the  same  curvature  as  the  preceding  one,  friction  is 
generated  between  the  surfaces.   These  springs  nre 
supported  at  their  ends  and  caused  to  bend  "i  y  a  load 
varying  from  one  centrally  applied  at  the  Ptart  to 
an  uniformly  distributed  load  at  the  end  of  a  cer- 
tain deflection,  well  within  the  elastic  limit.  The 
friction  thus  developed  opposed  the  deflection  and 
also  retards  the  recoil  of  the  springs.   The  resiat-s; 
ahce  of  these  springs  to  bending  and  that  of  the  fri- 
ction between  them  constitute  the  principles  used  in 
the  .Vaugh  Draft  Gear  which  is  taken  as  a  basis  for 
this  thesis. 
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FP.ICTION  B-^IvVEEK  FLAT  STSHIL  SPRINGS  AS  USED 
IN  THE  WAUGH  DBAFT  GEAR. 
Draft  gears  are  used  on   all  steam  and  electi'lc 
oars  to  cushion  the  blows  caused  by  the  impact  of  the 
cars  when  thrown  together  and  also  to  eliminate  the 
jolting  causod  by  the  starting  and  stopping  of  these 
cars.   These  gears  are  placed  directly  behind  the  coup- 
lers and  between  the  sills  of  the  car,  the  blo'.T  being 
transmitted  to  the  gear  by  means  of  the  dra^^  bar. 
The  most  efficient  gear  is  that  one  vrhich  will  ctishion 
all  blo.?3  within  its  capacity;  which  has  just  enough 
recoil  to  kick  the  cars  apart  so  that  the  gear  Till 
be  in  its  original  position  and  ready  to  receive  the 
second  shock;  and  which  will  stand  the  most  wear  and 
tear  without  breaking  dov/n.   A  great  variety  of  these 
gears  are  made,  using  many  different  principles.   The 
tT70  principles  most  used  are  the  resistance  offered 
by  springs  and  that  offered  by  friction.   The  77augh 
draft  gear  makes  use  of  both  of  these.   This  con- 
aists  of  groups  of  straight  steel  plates  which  under 
compression  are  curved  over  oval  surfaces  by  movable 
blocks  separating  each  pair  of  groups  at  thoir  ends. 
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In  curving  these  plates  offer  a  resistance  to  bending, 
and  the  increasing  curvature  of  the  plates  under  com- 
presBion  is  attended  by  a  frictional  adhesion  of  their 
individual  surfaces,  which  adde  to  their  ctishion  cap- 
acity and  retards  their  return  to  the  straight  posi- 
tion, thus  reducing  the  violence  of  the  recoil. 

There  are  three  ways  of  testing  these  gears. 
The  first  and  best  method  is  to  test  the  gear  under 
the  same  conditions  as  are  foun'^  in  actual  practice, 
i.e.  on  the  care.   The  second  is  on  a  standard  mas»- 
ter  car  builders  drop  test  machine,  which  consists 
of  a  frame  work  operating  a  drop  of  forty  feet,  the 
weight  being  sixteen  hundred  and  forty  pounds  and 
arranged  substantially  like  a  pile  driver.   The  mach^ 
ine  may  rest  upon  either  a  solid  foundation  or  upon 
heavy  coil  springs,  the  latter  giving  a  test  under 
conditions  nearer  to  the  actual  than  the  former. 
In  both  the  first  and  second  methods  an  absorption 
dynamometer'  may  be  used  to  register  the  blow.   The 
third  i.-^thod  is  to  test  the  pear  upon  a  slow  com- 
pression machine.   Of  course  the  first  is  the  real  te'st 
but  of  the  other  two  the  results  will  depend  upon 
the  kind  of  a  gear  used. 
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Bome  claim  that  the  static  machine  acts  under  condi- 
tions nearer  to  the  actual  than  the  drop  test,  while 
others  claim  the  revert©  is  true.   When  two  cars  are 
thrown  together,  the  car  which  receives  the  blow 
moves  thus  making  the  time  during  which  the  blow  acts 
longer  than  on  the  drop  test  machine,  even  if  coila 
are  used  to  mount  it.   The  action  of  the  static  mach- 
ine is  much  slower  than  either  of  these  and  in  gears 
which  make  use  of  friction  better  results  will  be  ob- 
tained than  those  found  in  dynamometer  car  test. 
But  as  this  thesis  is  not  on  the  efficiency  of  the 
Waugh  draft  gear  and  is  on  the  friction  between  the 
flat  steel  springs  used,  a  Reihlel  testing  machine 
can  be  usel  to  a  better  advantgge  than  a  drop  test 
machine . 

Two  static  machines  have  been  used  in  making 
these  tests,  both  Reih]^'  ,  one  of  fiO,000#  and  the 
other  of  200,00C#  capacity.   In  the  first  test  a 
gear  was  set  up  without  the  frame  work  and  driven 
solid,  loads  and  deflections  being  taken  both  in  the 
compression  and  the  release.   The  gear  as  set  up  con~ 
sisted  of  the  following,  the  order  of  their  position 
being  taken  from  the  bottom  up  to  the  top.   The  gear 
of  course  was  set  on  end. 
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Fir&t  a  half  oval  was  placed  on  the  bed  of  the  machine, 
the  curved  side  being  up  and  the  flat  side  down.   Thie 
is  made  of  cast  iron  and  was  of  the  following  dimenaione: 
Thickness  at  maximuiii  curvature  (center)    =  .79". 
Thickness  at  end  of  oval  (smallest  curvature)  =  .17". 

Breadth -___--__-- =  6". 

Length  =11.5". 

On  top  of  this  half  oval  were  placed  twelve  plates  of 
rolled  spring  steel,  oil  tempered  so  that  only  a  cer- 
tain set  will  be  taken  for  a  certain  given  deflection. 
The  dimensions  of  these  plates  are  as  follows: 
Thickness  --------------"^---  .25" 

Breadth 6" 

Length 11.865" 

Thickness  of  twelve  platoe  ---------  "^.14"  . 

Each  of  these  plates  have  been  tested  out  at  the  shops 

and  therefore  have  a  little  set  so  that  the  twelve 

plates  do  not  set  closely  together.   This  accounts 

for  the  extra  fourteen  hundredths  of  an  inch  in  the 

thickness  of  the  twelve  plates.   These  plates  are 

made  to  bend  on      and  take  the  shape  of  the  half  oval. 

On  top  of  these  plates  a  separating  block  was  placed. 
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This  consietB  of  a  plate  atout  1/4"  x  5"  x  8"  on  the 

ends  of  which  are  cast  lugs,  1-1/4"  thick  at  the  outer 

on 
edge,  having  a  flat  space  of  l/4"  wide^ one /> each  side 

and  then  curving  down  to  the  separating  plate.   The 
total  length  is  about  11-3/4".   These  lugs  are  used 
as  the  supports  for  the  ends  of  the  plates  and  the 
separating  plate  connecting  the  two  lugs  prevents 
travel  over  a  certain  distance,  on  one  side  the  max- 
imum travel  being  =  .53  and  on  the  other  =  .52". 
Next  in  position  is  another  group  of  twelve  plates, 
having  the  same  dimensions  as  the  first  group.   On 
this  second  group  of  plates  is  placed  a  full  oval, 
having  the  same  curvature  on  both  sides  as  that  on 
the  one  side  of  the  half  oval.   The  dimensions  of  the 
full  oval  are  as  follows: 

Thickness  at  the  center  ---------  1,54". 

Thickness  at  the  ends  ----------   .15". 

Length  --------   --_-^_--  -11.50". 

Breadth --...-_-   6". 

A  group  of  eight  plates  of  the  same  size  as  in  the 
preceding  groups  is  placed  upon  this  full  oval  and 
then  another  separating  block,  the  possible  travel  on 
each  siie  being  =  .54"  and  .5"  respectively. 
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Kext  in  order  came  another  group  of  plates  and  then  a 
half  oval  having  the  same  dimensions  as  the  other.  A 
round  compression  block  about  8"  in  diameter  was  fast en- 
end  to  the  draw  head  of  the  machine  and  used  as  a  means 
of  applying  the  load.   A  clamp  and  stand  were  used  to 
hold  a  scale,  graduated  to  hundredths  of  an  inch, 
parallel  to  the  side  of  the  draw  head.   A  mark  on  this 
was  used  as  a  reference  point  and  the  reading  taken, 
the  difference  in  the  readings  being  the  travel  of 
the  gear.   The  maximum  possible  travel,  not  taking 
into  account  the  setting  together  of  the  plates,  is 
the  sum  of  the  distances  .53" , .52" , ,54^  and  .5",  and 
is  equal  to  8.09".  Readings  could  not  be  read  any 
closer  than  one  hundredth  of  an  inch  and  when  the 
capacity  of  the  machine  was  reached  the  gear  was 
solid  to  all  appearances.   The  fact  that  after  tak- 
ing the  gear  to  pieces  worn  places  were  found  on  each 
side  of  the  plates  in  the  separating  shows  that  the 
gear  was  driven  solid. 

The  blue  print  labeled  "test  ITo.  1."  sho^-rs 
these  resnlta  plotted,  using  the  travel  of  the  gear  in 
inches  as  absciasaa  and  the  load  in  pounds  as  ordlnates. 
A  very  soft  cushion  is  obtained  up  to  60,000#,  when  the 
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lo?.u  inoi-aaseB  very  rapidly  for  a  very  small  daf lection. 
Th9  gear  was  solid  at  ?505,000#,  the  capo.city  of  the 
machine.   When  fully  conipreaBad,  eaoh  group  of  platos 
has  taken  the  full  curvature  of  its  oval  berariiig 
throughout  its  length  and  breadth.   Thia  brings  the 
opposing  groups  in  contact  at  ends  and  middle  through 
the  separators,  thus  constituting  a  solid  mass  of  metal 
which  fills  the  space  between  the  sill a  of  the  car, 
and,  as  the  strain  is  equally  distributed,  there  can 
be  no  buckling  of  the  follower  plates,  and  hence  no 
spreading  of  the  sills.   The  release  is  very  fast  and 
follows  almost  a  vertical  line  down  to  about  60,000#, 
when  the  travel  is  very  fast  for  small  loads.   This 
release  is  probably  caused  by  the  frictional  ad- 
hesion of  the  plates,  as  no  travel  is  noticable  until 
a  very  large  load  has  been  removed.   The  load  drops 
80  very  rapidly  that  is  is  very  hard  to  gat  many 
points  in  the  release  line  until  the  travel  increases 
yery   rapidly.   A  set  of  .45"  was  fouiid  in  the  four 
groups  of  plates  and  is  due  to  the  fact  that  the 
plates  were  softer  than  they  ougjit  to  bo.   A  set  such 
as  this,  although  a  little  large,  Tould  be  all  right 
providing  that  they  would  not  sot  any  more.   If  such 
a  thing  happened  it  would  be  a  very  weak  point  in  tlie 
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gear  because  tho  travel  would  be  constantly  lesaening 
and  the  nearer  the  travel  is  to  being  constant  the 
better  the  gear.   The  readings  were  taken  as  follows: 
Two  men  ran  the  tests,  one  reading  the  travel  of  thej.' 
gear  and  hhe  other  running  the  machine.   The  load  read- 
ing was  set  for  a  given  amount  and  the  second  the  arm 
started  to  go  up  the  operator  called  out  and  the  travel 
of  the  gear  read.   In  doing  it  this  way  the  travel 
reading  was  takexii  at  the  same  time  as  the  machine  'vaa 
balanced  and  the  load  reading  taken.   In  so  doing  a 
minimum  eriror  was  introduced  into  the  readings.   The 
very  slight  increase  in  travel  near  the  ond  brings  up 
the  question  as  to  whether  the  gear  is  practically 
solid  or  not.   If  that  small  travel  came  first  then 
the  gear  would  be  practically  solid,  but  as  it  comes 
at  the  end  of  the  travel  the  result  is  different.   It 
is  much  the  same  as  the  case  of  an  elevator,  which, 
after  dropping  a  couple  of  floors  comes  to  a  stop. 
A  passenger  feels  no  sudden  shock.   In  actual  use  when 
one  car  is  thrown  against  a  second  car,  the  gear  cush- 
ions a  greater  part  of  the  blow  and  then  both  cars 
begin  to  move.   The  result  la  that  if  there  is  any  of 
th3  blow  transmitted  to  the  frame  of  the  car  when 
the  car  gear  is  nearly  solid,  the  car  is  moving  at 
that  time  and  no  harm  is  done. 
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Any  way  tha  combination  of  a  slight  travel  of  the  gear 
and  a  little  movement  of  the  car  would  be  the  same  as 
if  the  gear  cushioned  the  -full  blow.   It  has  pre- 
viously been  stated  that  the  maximum  possible  travel 
was  8.09"  while  in  this  test  a  total  travel  of  S.S?" 
was  registered.   This  .48"  is  accounted  for  by  the 
fact  that  the  plates  set  together  and  cause  a  gripp- 
ing action,  giving  a  release  such  as  is  shown  in  the 
curve.   The  plates  vrere  not  perfectly  flat  at  the 
beginning  of  the  run  so  the  3.09"  is  probably  a  little 
large.   On  a  largp machine  such  as  the  one  used  it  is 
very  hard  to  get  results  within  one  or  two  hundred 
pounds  and  that  means  quite  a  little  deflection,  up 
in  hundredths,  so  that  our  final  reading  of  the  de- 
flectoraeter  at  the  end  of  i^elease  is  not  always  ex- 
act with  a  fe-.v  hundredths. 

The  tests  up  to  and  including  No.  6  were  run 
on  the  same  make  up  of  the  gear  and  the  results  are 
very  constant,  the  general  shape  of  the  curve  being 
the  same  and  the  load  required  to  drive  the  gear  solid 
nearly  constant.   About  the  only  difference  being  in 
the  total  travel  and  the  set  as  shown  by  the  deflect- 
ometer.   The  plates  set  a  little  each  time  as  shown 
by  the  def lectometer  and  also  in  the  measurements 
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taken  after  the  gear  was  tairen  apart.   The  travDl  is 
lesa  every  time  due  to  this  set.   This  set  does  not 
affect  the  final  load  very  much  because,  as  is  shown 
on  the  curve,  a  small  change  in  the  deflection  shows 
only  a  very  slight  change  in  +he  load.   The  area  of 
the  curve  is  affected  by  the  amount  of  set  taTcen. 
The  more  set  that  is  taken,  the  greater  the  area.   In 
a  gear  of  this  sort  the  area  has  little  to  do  with 
its  efficiency.   If  the  efficiency  of  the  gear  de- 
pends upon  the  area  or  the  amount  of  work  done  by 

the  gear  then  the  efficiency  of  this  gear  is  vei'y  low. 

7 
In  test  the  number  of  plates  in  each  group  was  changed 

so  that  instead  of  having  two  groups  of  twelve  plates 

and  two  groups  of  eight  plates,  there  were  four  groups 

of  ten  plates  each.   As  far  as  the  curve  shows  the 

results  were  not  changed.   The  travel  increased.   The 

plates  in  the  bottom  sets  have  more  set  than  the  top 

ones,  so  that  when  two  plates  were  taken  off  of  each 

of  the  two  bottom  groups  and  placed  on  the  top  two 

groups  more  travel  was  shown. 

A  separating  block  was  then  taken  and  one 

plate  put  on  top  of  it.   A  half  oval  was  then  placed 

on  this  and  the  whole  thing  placed  on  a  couple  of  flat 

blocks  so  that  a  def lectometer  could  be  used  to  measure 

the  deflection. 


t'lo.  eeob  .tee 

lo  BO*!*  0rfT     ,bsc>£  edi"  ni  b^^s  ■  :  inc 

-  ^.e'5/i  erU  ^js^jset^  ©At  ^ne  '■■  ■ 

f. q=:/;;.'-.(ra,  '■i£,-o'5:  e'le'w  eteiU    ^eed'-Blq  iflgl.®  "io  sqiro'sg  ot{i   to.*? 
■•.■or[a   giY'iuo  ©rf^  es,  n'a'r 

■;;;:5.t   orlt   frjB.rfvt  iee  e<ioffi  9"7£rf  eJee  ••iq 

OF^  qOvt   erict  no  b- 

eflo  bne.  ficsiB*  K6iT^    •  iii^tjsii 

.'■  b1^  lo  eXqiJOO  ©•■iU','  ijeo^^Xq  jho 


-12- 

The  plate  was  curved  until  it  touched  the  separating 
plate  and  the  load  and  deflection  taken  every  few 
thousand  pounds.   In  the  asune  way  two,  three,  and 
four  plates  were  taken.   When  the  fourth  was  run, 
the  half  oval  cracked  showing  that  the  plates  had  de- 
flected beyond  the  curvature  of  the  ovaSi.   On  exam- 
ination it  was  found  that  the  separating  block  had 
been  deflecting  so  that  the  results  had  to  be  thrown 
away. 

One  side  of  a  separating  block  was  then 
planed  off  so  that  it  would  rest  flat  on  the  bed  of 
the  machine  and  there  would  be  no  chance  for  it  to 
bend.  One   plate  and  a  half  oval  were  then  placed  on 
the  separating  block  and  were  in  turn  placed  upon  a 
couple  of  blocks,  as  before,  so  that  a  def lectometer 
could  be  used.   The  plate  was  then  curved  until  a 
piece  of  paper  could  just  be  pulled  out  from  between 
the  plate  and  the  separating  plate.   The  load  and  de- 
flection were  taken  for  every  few  thousand  pounds  for 
both  release  and  compression.   A  load  of  3,500#  was 
required  to  deflect  the  plate  .368".   A  tost  on  two 
plates  was  then  made,  and  for  three  and  four.   These 
results  have  been  plotted  on  one  sheet  using  the  same 
coordinates  as  in  the  other  curves. 
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The  curve  for  the  third  plate  was  not  plotted  because 
of  the  irregularity  of  the  points.   Something,  probably 
the  def leotometer  slippei  and  caused  the  results  to 
be  changed.   A  new  set  was  then  taken  and  starting 
with  five  plates  testa  were  made  on  groups  up  to  and 
including  fifteen.   These  last  tests  have  been  plott- 
ed on  one  sheet.   The  area  and  load  both  increase  as 
each  plate  is  added.   The  plates  were  driven  the  same 
distance  each  time,  the  piece  of  paper  being  used,  but 
this  is  not  shown  by  the  def leotometer  readings.   A 
slight  load  was  put  on  the  plates  each  tine  and  the 
def leotometer  set  at  zero.   The  plates  set  a  little 
each  time  so  that  the  travel  grew  less  as  the  number 
of  plates  increased.   Since  the  plates  were  driven 
the  same  distance  each  time  and  the  resistance  of  one 
plate  was  3,500#,  the  resistance  of  the  plates  them- 
selves can  be  found  by  multiplying  the  resistance 
offered  by  one  plate  by  the  number  of  plates  used. 
The  difference  between  the  load  as  actually  found  and 
the  resistance  of  the  plates  themselves  is  the  fric- 
Lion  between  them.   The  results  show  that  up  to  five 
plates  there  is  little  or  no  friction  between  them, 
but  as  their  number,  and  therefore  the  load,  increases 
the  friction  increases  greatly. 
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This  is  shown  in  the  friction  curve  which  is  plotted 
using  the  friction  as  ordinates  and  the  number  of 
plates  3,3   abscisaaa. 

Two  groups  of  eight  platea  each  were  then 
taken,  having  a  separating  block  in  letween  and  a 
half  oval  above  and  one  below.   This  was  driven  solid 
and  the  load  found  to  be  45,G00#.   The  load  for  de- 
flecting one  group  of  eight  plates  was  found  to  be 
50,000#.   This  shows  that  one  group  of  plates  does 
nearly  all  the  work.   Two  groups  were  set  up  in  the 
same  way  and  driven  solid.   The  load  required  to  do 
this  was  190,000#  which  is  practically  the  same  as 
that  needed  to  deflect  two  groups  of  fifteen.   This 
again  verifies  that  statement  made  above  that  one 
group  of  plates  does  nearly  all  the  work,  the  other 
groups  being  used  to  give  the  travel  required. 

Tiro  knife  edges  were  then  s?t  ll-!l/4'' 
apart  and  fifteen  platea  set  upon  them.   A  deflect- 
ometer  was  placed  so  that  the  deflection  could  be 
measured,  the  screw  being  placed  under  +he  point  of 
greatest  curvature,  near  the  outer  edge  of  the  plates. 
A  load  '."ms  then  applied  across  the  center  of  the 
plates  by  means  of  a  knife  edge  and  they  were  then 
deflected  .5",  more  than  they  have  been  deflected 
in  any  other  test. 
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Thi3  was  done  to  see  if  the  final  travel  had  muoh  to  do  with 
the  friction.   Readixigs  of  the  deflectoraeter  -^ere   ta''-'en 
every  five  thousand  pounds  both  up  and  down  and  a  curve 
plotted.   The  compression  curva  is  convex  and  not  concave 
aa  in  the  other  testa.   This  has  the  general  shape  of  the 
curve  for  steel.   In  the  other  tests  the  way  the  load  was 
applied  varied  from  centrally  applied  to  uniformly  applied 
at  the  full  curvature.   Evidently  it  is  the  method  of  aj^ly- 
ing  the  load  that  causes  the  friction  between  the  plates. 
In  the  curve  with  a  centrally  applied  load  the  relaase 
curve  does  not  take  the  sa-ne  shape  as  in  the  other  tests. 
Immediately  the  load  was  ta'cen  o^f  the  gear  began  to 
release  and  it  was  very  rapid  too.   In  the  other  oases 
the  release  was  very  slow  and  much  of  the  load  was  re- 
moved before  any  travel  was  noticei .   This  shows  that 
it  is  caused  by  the  peculiar  method  in  which  the  load  is 
applied. 


^yfiM^^x^yy^  C  ^Unyi^^tyU. 


Ileum  I: 

evjocDCo  ion  £>rf^  '•■ 

:    eri.J   \'.P>''    !«ff.*    B.fp;- 

■  ,:-J-.«Iq   9rii  :if.  . 


if 


Q   S 


-t;    ^ 


;£    & 


> 

o 


doum  bad  Xev.".*!^   .' 
'";^o!.    erii  v'jBv:-  ©ri,t    ■ 

■  J    n£Q©d"  •'       ■       ■ 


■^jivjisi-rx 


Illustration   of  the  Waugh   Draft  Gear  with   the  plates   under  one  inch   compression, 
giving  a  cushion  of  approximately  30,000  pounds 
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Waugh   Draft  Gear  as  applied   to  wood   draft  sills 
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Waugh   Draft   Gear  as   applied  to  passenger  cars  equipped  with   the  standard  steel 
platform.     Cushion  capacity,   200,000  pounds 
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This  Gear  consists,   per  car,   of: 

4  cheek  castings,  which   are  attached   to  the  sills. 

8  groups  of  straight  spring  steel  plates,  varying  in  length  and 
number  to  meet  requirements  as  to  cushion  capacity,  spread  of 
sills  and  travel  of  draw  bar. 

4  half  ovals. 

2  full  ovals. 

4  separators.  .   . 

4  stifif  follower  plates. 

4  carrier  straps.        -  ■      • 
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